Abstract The potential of laser light backscattering imaging was investigated for monitoring color parameters of seeded and seedless watermelons during storage. Two watermelon cultivars were harvested and stored for 3 weeks with seven measuring storage days (0, 4, 8, 12, 15, 18, and 21). The color parameters of watermelons were monitored using the conventional colorimetric methods (L*, a*, b*, C*, H*, and DE*) and laser light backscattering imaging system. A laser diode emitting at 658 nm and 30 mW power was used as a light source to obtain the backscattering image. The backscattering images were evaluated by the extraction of backscattering parameters based on the mean pixel values. The results showed that a good color prediction was achieved by the seedless watermelon with the R 2 are all above 0.900. Thus, the application of the laser light backscattering imaging can be used for evaluating the color parameters of watermelons during the storage period.
Introduction
Watermelon (Citrullus lanatus) is typically one of the valuable tropical fruit in terms of economic value. The high demand of watermelon depends solely on the fruit quality that could influence the most on purchasing fresh fruit (Sun et al. 2010) . Color is the first satisfying factor that consumers opt in making decision for choosing the fresh food product (Garrido-Novell et al. 2012; Pathare et al. 2013; Zhang et al. 2014) . In this case, it is important to determine the color evaluation of the agricultural produce since it could enhance the perception of the consumer. In the last decades, standard reference methods for color evaluation of watermelon were conducted using color variables. Previous studies had reported on the color measurements of watermelon in terms of CIE L*a*b* color space coordinates using colorimetric method (Perkins-Veazie and Collins 2004; Yau et al. 2010; Kyriacou and Soteriou 2015) . Based on the colorimetric procedure, the standard method is a time-consuming process considering the fact that the color evaluation has to be repeated for the same sample. Besides, the contact measurements from certain fruit feature may also affect the result of the color evaluation (Romano et al. 2012) . For this reason, the most common standard reference method with respect to color evaluation for agricultural produce is the colorimetric method. Hashim et al. (2012) investigated the kinetic model using CIE L*a*b* space for color evaluation of bananas during chilling injury. Similar work using CIE L*a*b* space was conducted by Romano et al. (2010) to determine color degradation of banana slices during drying. However, these methods are destructive and the results may produce high uncertainty if error presents during the color measurements.
In the past few years, non-destructive techniques have shown promising applicability in monitoring the quality of various agricultural produce. Laser light backscattering imaging offers an optical-based method to evaluate quality changes in terms of mechanical, physicochemical, and physical properties of agricultural produce during storage and postharvest treatment (Mollazade et al. 2012; Adebayo et al. 2016 ). An advanced technique involving the use of laser light has been proven to be an accurate and rapid, to determine quality changes of horticultural products. In comparison with the colorimeter, laser light backscattering imaging system has more benefits of obtaining continuous processing of raw images on different parts of the sample without being contact to the device. The application of laser induced backscattering imaging has been evaluated on various fruit and vegetables crops such as potatoes (Babazadeh et al. 2016) , citrus fruits (Lorente et al. 2015) , papayas (Udomkun et al. 2014) , and bananas (Hashim et al. 2013) . The latest approach was established by Mohd Ali et al. (2017) , to determine the firmness, soluble solids content, pH, and moisture of watermelon using the partial least squares regression analysis during storage. Another research was conducted by Rezaei Kalaj et al. (2016) , to investigate the potential of laser light backscattering imaging application for evaluating variations in quality attributes of plums which related to its optical parameters during storage and the fruit development. Despite the nutritional content, quality attributes, and ripeness of watermelon, the color measurements of the fruit using laser light backscattering imaging during storage have not been discussed. Thus, the objective of this study was to develop a prediction model using partial least squares regression for online monitoring of seeded and seedless watermelons for use in a laser light backscattering imaging system.
Materials and methods

Fruit samples
Seeded (Black Beauty) and seedless (Red Seedless) watermelons were collected in late November 2015 and February 2016 from a local farm located at 4°02' north latitude and 101°18 0 east longitude in Perak, Malaysia. The watermelon was cultivated using a drip irrigation system on alkaline clay-loam soil with daily fertigation of 120N: 170P: 20K after transplanting for 10 days. Three replicate plots per each cultivar were applied using a completely random field experiment design. The fresh watermelons were sent to the laboratory of the Department of Agricultural and Biological Engineering, Faculty of Engineering, Universiti Putra Malaysia upon harvesting. The watermelon samples were divided into two cultivars: 70 seeded and 70 seedless watermelons which are stored in cold storage room at 10°C, 85% RH for 21 days. For each interval storage day, 10 watermelons from each cultivar were used for color measurements. At seven interval storage days, a total of 140 watermelon samples were used in this study.
Reference color measurements
The skin or external surface color of watermelons was measured using a handheld colorimeter (NR20XE, Shenzhen 3nh Technology Co. Ltd., China) with a measuring aperture diameter of 20 mm. The colorimeter was calibrated with a standard white tile prior taking the color measurements. The color measurements were measured for each sample by putting down the colorimeter aperture above the external surface of the sample. The aperture of colorimeter was placed upright on the watermelon surface in contemplation of minimizing the dispersion of light to the surrounding. The color measurements of each watermelon sample were performed at six locations and the average values of three replications were calculated. In addition, the total color differences (DE*) was calculated between watermelon samples to determine the total color changes, which is described in Eq. (1).
Laser-induced backscattering imaging system A laser light backscattering imaging system was developed for this study, consisting of a charge-coupled device (CCD) camera (QICAM Color Fast 1394, QImaging, Surrey, BC, Canada) with a zoom lens (F5.6 and focal length of 18 mm). A laser diode emitting at 658 nm with 1 mm diameter beam and 30 mW maximal power was applied as a light source of the CCD camera. The distance between the CCD camera and the watermelon samples was set at 55 cm, whereas the incident angle of the laser beam was placed at 22°. The backscattering images of each fruit sample comprised of 1392 9 1040 pixels by 12 bits. The image acquisition process was taken in a closed frame covered with black cloth to avoid the ambient light from the surroundings. A total of six backscattering images were captured per each fruit sample to attain the mean pixel values based on the backscattering parameters. In order to obtain the mean pixel values of backscattering parameters, the image segmentation process was done using Matlab software (Version R2013a, The Mathworks Inc., Natick, MA, USA). The significance of image segmentation was to retrieve the region of interest (ROI) and the removal of saturated pixels of the backscattering images. The ROI was selected after the image smoothing was carried out using Gaussian filter to remove unwanted noise in the image. The histogram profile was used to choose the threshold value to get the ROI. Based on the images, six backscattering parameters were obtained including the maximum intensity, minimum intensity, mean intensity, major axis length, minor axis length, and perimeter. Figure 1 shows the backscattering image analysis using image segmentation processes. The datasets of backscattering parameters were transferred to Unscrambler software (Version 10.3, CAMO AS, Oslo, Norway) for the development of the prediction model.
Statistical analysis
Two-way analysis of variances (ANOVA) was performed to determine the differences of storage day for each watermelon cultivar using SAS software (Version 9.4, SAS Institute, Cary, NC, USA). The differences between mean values and standard errors by 95% confidence interval were determined by Tukey test. The Pearson's correlation (r) of the color parameter was also obtained with SAS software (Version 9.4, SAS Institute, Cary, NC, USA).
Partial least squares (PLS) are one of an important bilinear regression approach for multivariate calibration, especially in the food quality analysis. PLS combined a number of variables into a smaller number of latent variables which are known as a linear combination of backscattering parameters (X) in order to predict the quality parameters (Y). The number of latent variables is determined to avoid the over-fitting during the development of calibration model. The watermelon samples were then divided into calibration (70%) and prediction (30%) datasets. The calibration and prediction models were then developed using PLS regression using Unscrambler software (version 10.3, CAMO AS, Oslo, Norway). The coefficient of determination (R 2 ), root mean square error of calibration (RMSEC), and root mean square error of prediction (RMSEP) were calculated to determine the correlations between color properties and backscattering parameters. The accuracy of the PLS model was determined by the RMSEP and RMSEC, which is described in Eqs. 2 and 3, respectively.
whereŷpi is the predicted value,ŷci is the calibrated value, yi is the measured value, and n is the number of fruit samples. Results and discussion
Statistics of color measurements
The findings of the skin color measurements in both the seeded and seedless watermelons during the seven storage days are summarized in Table 1 . The lightness index (L*) gradually increased and a* decreased along with the storage days (0, 4, 8, 12, 15, 18, and 21) in both the seeded and seedless watermelons. No significant difference was observed for L* for seeded and seedless watermelons, which increased by 21% and 12% at day 4, respectively. As for the a* values, there was no significant difference in both the seeded and seedless watermelons. The trend of a* values which represent the redness index was quite similar for both types of the cultivar. Previous research also reported that the a* values did not greatly affect the redness of the watermelons (Feng et al. 2013) . Meanwhile, the b* values increased along with the storage day for both types of the cultivar. Nevertheless, there was no significant difference reported for the seeded watermelon for the b* values. The variation from the L*, a*, and b* values of the seeded and seedless watermelons was perhaps due to the different textures that affect the firmness changes on the external surface or skin color of the fruit. On the other hand, the results exhibited an increase in the chroma (C*) values for the seedless watermelon with a significant difference at day 21. Moreover, there was no significant difference in the C* value changes for the seeded watermelon. The C* values revealed only slight changes with no clear trend noticed along with the storage days. Similar results were reported by Ibarra-Garza et al. (2015) who indicated that the decline in the C* values could probably reflect the absence of lightness and a minor discrepancy in hue tones of the surface of the fruit. However, the hue (H*) values did not exhibit a variation over the storage days for both the seeded and seedless watermelons. As observed in the findings, there was no significant difference for the seeded watermelon as the color changes were similar throughout the storage days. Since there was a variation in the color parameters of the seedless watermelon, it could be implied that color evaluation is a feasible method to observe the color changes through the ripening process of the fruit. The color total differences (DE*) in CIE L*a*b* is the distance between the location of color in the CIE color space. Previous studies have been investigated the DE* in the measurement of color changes in various fruit crops such as strawberries (Fernández-Lara et al. 2015) , grapefruits (Igual et al. 2014) , and pineapples (Chutintrasri and Noomhorm 2007) . In this study, the overall DE* of both seeded and seedless watermelons increased from 21.70 to 27.31 and 24.65 to 32.45, respectively. An overview of calibration and prediction sets of seeded and seedless watermelons is presented in Table 2 . In this study, 70 samples from both seeded and seedless watermelons were divided into the calibration and prediction set (70:30).
Selection of backscattering parameters
To establish an online laser light backscattering imaging system, some important feature extraction reflecting the backscattering parameters for predicting color parameters were selected. The F-values (ANOVA) of backscattering parameters in the color evaluation of watermelons were calculated to obtain the significant effect of the experimental factors (storage day and type of cultivar), and their interactions at P \ 0.05 (Table 3 ). The postharvest storage days were evaluated based on the cultivars of the watermelons which were influenced by the changes in the backscattering parameters. Based on the results, significant differences were observed for all backscattering parameters of watermelons, except for the maximum intensity when subjected to different storage day. The major axis length revealed the highest F-values (9.22) whereas the maximum intensity did not have a significant effect on all the backscattering parameters in terms of storage day. Meanwhile, the mean intensity and minimum intensity showed the highest (66.98) and the lowest (8.74) F-values, respectively based on the type of cultivar. The mean intensity showed the highest significant changes at P \ 0.05 with the F-value of 16.48 for the interaction of storage day and type of cultivar. Mohd Ali et al. (2017) reported that the backscattering parameters influenced the interaction between the storage day and type of cultivar on the firmness, soluble solids content, pH, and moisture of the watermelon. The effect of postharvest storage on the physicochemical properties of the seeded and seedless watermelons was studied in the present study, considering the classification of the watermelon samples according to the type of cultivars and different storage days.
Development of color prediction models
PLS is a powerful linear regression method for multivariate calibration that is commonly used to predict quality attributes of food products (Rady et al. 2015) . The optimal number of latent variables (LV) was obtained by the smallest value of predicted residual error sum of squares in order to remove random errors in the data sets. PLS models were developed for predicting color parameters of watermelons non-destructively after removing the outliers from the calibration and prediction datasets (Table 4) . Both the calibration and prediction PLS models showed a good performance with a high value of R 2 and low RMSEP values for each color parameter. From the table, the a* color parameter showed the best physicochemical properties to be predicted by the backscattering parameters from the samples for seeded and seedless watermelons, respectively. The prediction models of seedless watermelon in terms of L*, a*, and b* are shown in Fig. 2 .
The calibration and prediction models based on the backscattering parameters of both watermelon cultivars were used to predict the L* value. For the L* prediction of seeded watermelon, the calibration gave R 2 = 0.864 and RMSEC = 1.440, whereas the prediction obtained R 2 = 0.761 and RMSEP = 1.500. Meanwhile, the calibration gave R 2 = 0.913 and RMSEC = 1.092, whereas the prediction obtained R 2 = 0.903 and RMSEP = 0.728 for seedless watermelon, respectively. The results of correlation analysis showed that the L* value correlated with the highest correlation with the backscattering parameter, specifically with the seeded watermelon. Additionally, the correlation of L* value with backscattering parameter for seedless watermelon also obtained high correlation, especially with the pixel intensity measurements (mean intensity, maximum intensity, and minimum intensity). Udomkun et al. (2014) mentioned that illuminated area and light intensity parameters exhibited the best prediction values with the r = 0.915 for the prediction of L* during papaya drying. Nevertheless, the PLS models indicated that the pixel intensity values from laser-induced backscattering were the most significant feature among all correlated to the color parameters.
The calibration and prediction models based on the backscattering parameters of both watermelon cultivars were used to predict the a* value. For the a* prediction of seeded watermelon, the calibration gave R 2 = 0.306 and RMSEC = 1.439, whereas the prediction obtained R 2 = 0.271 and RMSEP = 1.868. Meanwhile, the calibration gave R 2 = 0.979 and RMSEC = 0.220, whereas the prediction obtained R 2 = 0.965 and RMSEP = 0.103 for seedless watermelon, respectively. The a* value obtained the lowest prediction for seeded watermelon. However, the prediction of a* value for seedless watermelon obtained the highest correlation with the backscattering parameters. According to Romano et al. (2012) , there is no significant correlation between the colorimeter data of a* value and the scattering area as well as light intensity during bell pepper drying at 532 and 635 nm. The differences of a* prediction between the seeded and seedless watermelons were possibly due to the larger area obtained from the backscattering images. Therefore, the propagation of photon in the fruit tissue was decreased during postharvest storage, indicating that the discrepancy Table 1 The color parameters of seeded and seedless watermelons at different storage days The calibration and prediction models based on the backscattering parameters of both watermelon cultivars were used to predict the b* value. For the b* prediction of seeded watermelon, the calibration gave R 2 = 0.680 and RMSEC = 2.144, whereas the prediction obtained R 2 = 0.674 and RMSEP = 2.519. Meanwhile, the calibration gave R 2 = 0.941 and RMSEC = 0.899, whereas the prediction obtained R 2 = 0.912 and RMSEP = 0.906 for seedless watermelon, respectively. From the findings, the b* value gave a good prediction since both the seeded and seedless watermelons achieved the correlation coefficient above 0.80. The measurement of b* value with respect to the backscattering parameters, a significant factor of the parameters, especially pixel intensity measurements was determined to evaluate the surface defect or green color surface of the watermelon. The color changes of watermelon as affected by the fruit maturity are ultimately related to the chemical and biochemical reactions during storage. The existence of green pigment including chlorophyll subjected to the degradation of enzymatic or non-enzymatic reactions when associated with the color changes of agricultural produce (Bonazzi and Dumoulin 2011) .
The calibration and prediction models based on the backscattering parameters of both watermelon cultivars were used to predict the C* value. For the C* prediction of seeded watermelon, the calibration gave R 2 = 0.666 and RMSEC = 2.277, whereas the prediction obtained R 2 = 0.558 and RMSEP = 3.124. Meanwhile, the calibration gave R 2 = 0.931 and RMSEC = 1.039, whereas the prediction obtained R 2 = 0.900 and RMSEP = 0.904 for seedless watermelon, respectively. Based on the C* prediction model, the C* value correlated best with the backscattering parameters. However, the light absorption of the seeded and seedless watermelons during storage might influence the pigmentation of C* value since the minimal degradation occurred during the storage period. The results from the prediction model based on the light intensity parameters (mean intensity, minimum intensity, maximum intensity), also described the most important feature, in which the backscattering parameters correlated with the chroma value. The calibration and prediction models based on the backscattering parameters of both watermelon cultivars were used to predict the H* value. For the H* prediction of seeded watermelon, the calibration gave R 2 = 0.866 and RMSEC = 0.811, whereas the prediction obtained R 2 = 0.758 and RMSEP = 0.674. Meanwhile, the calibration gave R 2 = 0.967 and RMSEC = 0.494, whereas the prediction obtained R 2 = 0.949 and RMSEP = 0.152 for seedless watermelon, respectively. Based on the findings, the H* value also gave a good prediction since both the seeded and seedless watermelons achieved the correlation coefficient above 0.80. The correlation analysis between H* value and backscattering parameters, especially light intensity measurements (mean intensity, minimum intensity, and maximum intensity) described the most important feature among the backscattering parameters. On the other hand, the calibration gave R 2 = 0.743 and RMSEC = 1.547, whereas the prediction obtained R 2 = 0.698 and RMSEP = 1.768 for the DE* prediction of seeded watermelon. The calibration gave R 2 = 0.943 and RMSEC = 0.879, whereas the prediction obtained R 2 = 0.942 and RMSEP = 0.284 for seedless watermelon, respectively. Based on this prediction, results showed that the seedless watermelon can be visually differentiated from the seeded watermelon in terms of colorimetric variables since the DE* prediction gave higher prediction values than the seeded cultivar.
Conclusion
In this work, the change of backscattering parameters was evaluated using a laser light backscattering system for online monitoring of watermelons during storage. The results showed that the color prediction (L*, a*, b*, C* H*, and DE*) gave the highest R 2 with all of them above 0.9 for seedless watermelon, respectively. The backscattering parameters which are selected based on the feature extraction can provide a foundation for the development of a reliable laser light backscattering imaging system for online quality control measurements of watermelons. A laser light backscattering imaging system would be helpful for real-time inspection of other food quality parameters if it can be improved under industry standard requirements. Therefore, this study has demonstrated the capability of laser light backscattering imaging as a useful, rapid, and non-invasive optical technique for the color evaluation of the quality of watermelons during postharvest storage. 
